Abstract A long-standing debate in microbial ecology is the extent to which free-living microorganisms exhibit cosmopolitan distributions. We use a comparison of testate amoebae communities in cold "polar" locations (Arctic, Antarctic, and Tibet) to investigate how a microorganism's size affects its probability of having a cosmopolitan distribution. We show that the probability a given taxa being reported in all three locations increases as testate size decreases. Likewise, excluding those testates found only in Tibet, very small testates (<20 μm) are more likely to occur in both the Arctic and Antarctic than in either of these poles alone. Attempting to correct for phylogeny reduces the number of statistically significant relationships-both because of decreased sample size and potentially real phylogenetic patterns, although some size-dependent effects were still apparent. In particular, taxa found in both the Arctic and Antarctic poles were significantly smaller than congeneric taxa found only in Tibet. This pattern may in part be due to habitat effects, with the Tibetan samples being more likely to have come from aquatic sites which may be more suitable for larger taxa. Overall, our analysis suggests that, at least within testate amoebae, a cosmopolitan distribution becomes increasingly common as median taxon size decreases.
Introduction
On the 7th of April, 1864, Louis Pasteur gave a famous public lecture on spontaneous generation at the Sorbonne.
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In this talk, he summarized-for both his professional colleagues and the wider Parisian intelligentsia-the case against spontaneous generation [36] . As Maureen O'Malley [56] has pointed out, Pasteur's ideas depended on "the airborne ubiquity of microorganisms being brought out of latency by appropriate nutritional material"-these ideas subsequently influenced the world view of the early microbial ecologists. During the late nineteenth and early twentieth centuries, the developing field of microbial ecology came to see microbial diversity as structured in a very different way from the patterns seen in larger organisms. Global exploration during the eighteenth and nineteenth century had shown that these more familiar macroscopic organisms exhibited distinctive biogeographical patterns-such that similar habitats in different parts of the world were home to different species [10] . For example, the deserts of the Americas contain over 1,000 species of cacti while in Africa this role is taken by very similar looking species from a different family of plants-the Euphorbiaceae [46] .
The early microbial ecologists came to suspect that the ease of dispersal of small microbes, coupled with their ability to come out of latency when conditions were suitable, lead to species always being present at all locations with suitable habitats [23, 56] . The macroorganism equivalent of this view would be to expect to find the same species of cacti anywhere in the world with the correct desert conditions. In 1934, Lourens Baas Becking encapsulated this idea of cosmopolitan microbial distributions in his famous maxim "Everything is everywhere, but, the environment selects" [15] . That is, all microbe species can reach all locations, but the environmental conditions select which species are ecologically active and so present in numbers which allow them to be recorded by a microbial ecologist. Reviewing what was known of soil protozoa in the 1920s, Sandon ([63] , p 68) concurred with this view, writing that "All the soil protozoa appear to be world-wide in their distribution, the same species occurring in arctic, temperate, and tropical soils".
This classic cosmopolitan view of microbial biogeography was challenged during the second half of the twentieth century. For example, by the early 1980s, Stuart Bamforth reviewed what was then known and suggested in his postpresidential address to the Society of Protozoologists that "many free-living protozoa appear to be cosmopolitan, but mating types and isoenzyme studies suggest that speciation with its geographical connotations may be more widespread than previously appreciated" [3] . Later in the same decade, two of us suggested that the testate amoebae genus Nebela contained some species which were restricted to land masses that had formally comprised the supercontinent of Gondwana [73] -although recent molecular work casts some doubt on the details of this model, especially the dates of various speciation events [44] . Summarizing the position for protozoa in a review article in the early 1990s, Cowling [13] wrote that "evidence is emerging that soil protozoa may not be as widespread as formally believed".
At about the same time that Cowling [13] was writing, the earlier cosmopolitan view of microbes was being revived in a series of technical papers and more general articles by Tom Fenchel, Bland Finlay, Genoveva Esteban, and colleagues (e.g., [24, 25, 26, 28, 30] ). This work, which was mainly based on data on ciliate protozoa, was well received in several late 1990s commentary articles in ecological journals (e.g., [45, 90] )-albeit with some reservations about possible restricted distributions in some of the largest microbial protists [90] . Indeed by the start of this century, Esteban and Finlay [23] felt able to write that it was "now commonly (if not unanimously) believed, [that] protozoan species are ubiquitously distributed"-however, some other workers on protist ecology certainly disagreed (e.g., [31, 32, 33, 38, 41, 48, 97] ). Although these recent attempts to reinvigorate the "everything is everywhere" paradigm have been based primarily on ciliate data, there are implications for the ecology of all free-living microorganisms. Since ciliates are large by the standards of most microorganisms, the implication is that if they are small enough to easily disperse globally then this must also be the case for the much smaller prokaryotes [29] . This conclusion seems to run counter to many recent molecular studies of prokaryotes, which suggest noncosmopolitan distributions and high species richness, indicating conditions suitable for allopatric speciation [43, 58] . However, there are exceptions which appear consistent with the idea of cosmopolitan distributions-with habitat requirements determining what is found at any given site [27] .
In the context of these debates during the 1990s, one of us [91] made a preliminary attempt in 2001 to ask a more refined question, namely "What is the upper limit for cosmopolitan distribution in free-living microorganisms?" This paper used data on testate amoebae communities in the Arctic and Antarctic to make an initial attempt to answer this question. The logic behind the approach was to compare two areas of similar habitat a maximum distance apart. Wilkinson [91] concluded that many of the testate amoebae morphospecies in his data set were found in both polar areas-however, there was a tendency for larger taxa (>150 μm) to be restricted to only one of the polar areas.
In this paper, we greatly extend Wilkinson's [91] initial analysis, using a substantially more detailed version of the same approach, to investigate roles of dispersal, size, and habitat in the biogeography and biodiversity of testate amoebae. These are a polyphyletic, but ecologically similar, functional grouping of protists in which the single cell is enclosed within a shell usually referred to as a test-with a size range of 5-300+ μm. They are especially common in habitats with high organic matter content, such as organic rich soils, peats, mosses as well as freshwater habitats [57, 72, 92] : although they can also be found in lower numbers in arid habitats low in organic matter [4, 93] . Testate amoebae are good model organisms for such a study as they are relatively well known (with a reasonable consensus on the identification of many of the morphospecies) and because of their tests (shells) can be ascribed a relatively unambiguous size [91] . This latter point can be contrasted with the situation in ciliates which often form cysts (resting stages) much smaller than the trophozoites (the ecologically active forms) [32, 63] . However, there are some limited suggestions in the older literature that tests may sometimes break up potentially releasing smaller cysts [12] . Here, we build on Wilkinson's [91] original idea of comparing testate amoebae in similar ("polar") habitats a maximum distance apart but add data from Tibet into these analyses.
Tibet is an extensive area of cold, high-altitude habitats with some similarities to the polar regions-indeed, it has been repeatedly referred to as the "the third pole" since the term was first coined by the British mountaineer Edward Whymper in the late nineteenth century, a reference to both its climate and interest to western adventurers [47] . Highlatitude polar climates tend to be dominated by cold and dry air masses [1] . Tibetan sites are somewhat more diverse and include cold arid alpine habitats (mean annual temperature in the warmest month 4-6°C), cool semiarid alpine habitats (6-10°C), warm arid alpine habitats (10-12°C), warm semiarid alpine habitats (6-15°C), warm semihumid alpine habitats (10-18°C), and limited lower altitude semitropical humid habitats (18-25°C) [96] . Clearly the "light climate" of Tibet differs from the true poles-which have extreme seasonal variation of day length. Tibet is important in the context of attempting to understand the global distribution of cold tolerant testate amoebae, as it is approximately half way between the two poles but still has extensive "polar" type habitats.
In addition to adding data from a third "pole" into the analysis, the current work greatly extends Wilkinson's [91] study by increasing the amount of data from both true polar areas-especially from recent detailed work on the sub-Antarctic islands of Île de la Possession and South Georgia (e.g., [82] [83] [84] [85] [86] [87] ). This greatly extends the number of taxa in our data set, with 303 in this study compared to 127 in Wilkinson's original paper. In addition, Wilkinson's [91] initial analysis accepted all published records at face value. In the present study, we have attempted to correct these data for synonymies and remove obvious misprints and errors in both occurrence and size data from the data set (see "Methods" section). Our analyses attempt to investigate the extent to which testate amoebae morphospecies are cosmopolitan and relate these findings to their size and ecology. The much enlarged data set has allowed a more sophisticated statistical analysis than that used by Wilkinson [91] , including phylogenetically controlled comparisons which attempt to control for a potential lack of independence in data arising from common ancestry.
Methods

Compilation of the Data Set
Species lists (note all our taxa are morphospecies) for the three "poles" were compiled from the published literature. Papers which contributed one or more record to the data set are listed in Table 1 . Many other publications were checked, but they did not add any additional records. Data on testate sizes were mainly taken from major compendiums and taxonomic revisions such as [17-21, 35, 57, 65] . Following Wilkinson [91] , when a range of sizes were given in the literature, the midpoint of the range was used as that taxons "size" in our calculations. The quality of these size data were variable, and in some cases, no sample size was given, while in other cases, the size data were based on very small sample sizes. In many cases, the sources used just cited a size range for a given taxon. However, in other cases, extensive size data were available from multiple studies-for example, Smith and Wilkinson [74] were able to describe the size of Nebela (Apodera) vas on the basis of 130 measurements from 22 different publications.
While Wilkinson [91] took all published data at face value, in this study, we have attempted to produce a more reliable data set and to correct the species lists and size data for synonymies and obvious misprints. With the exception of one synonymy (which was not identified until later), all changes of this kind were agreed and carried out before any statistical analysis of these data-to avoid the temptation to find reasons for removing data points which our analysis had identified as anomalous. The most important of our modifications to these data was the record of Nebela martialis from the Arctic by Beyens et al. [6] . This appeared odd as it is the only record from the Arctic, and inquiries suggested that a misprint in the paper was possible (L. Beyens, personal communication) and the death of the author responsible for the identification (D. Chardez) made it impossible to check. Therefore, this record was discounted. No other records were removed from the data set, and all other changes were for synonymies (e.g., Zivkovicia compressa for Pontigulasia bigibbosa) or raising a few older subspecies to full species to be consistent with current taxonomic opinion (e.g., Difflugia brevicolla for Difflugia oblonga brevi-colla). A very small number of what appeared to be obvious typographical errors in size data (giving sizes substantially greater or smaller than all other records for that taxon) were also excluded from our data, all prior to any data analysis.
Statistical Analyses
All analyses were conducted using SPSS version 17. In the first instance, we fitted a simple general linear model (GLM) with the median size of each morphospecies as the A wide range of habitats were sampled by the studies we used to compile these data. For the Arctic and Antarctic, these included all major habitats, namely soils (including litter layers), mosses (both terrestrial and aquatic), open water (from small ponds to larger water bodies, including both lotic and lentic habitats), aquatic sediments, and vegetation. For Tibet, a similar range of habitats were sampled-although fewer of the samples came from soils compared with the two "true" poles continuous dependent variable and its specific distribution class (found in (1) Arctic alone, (2) Antarctic alone, (3) Tibet alone, (4) Arctic and Antarctic, (5) Arctic and Tibet, (6) Antarctic and Tibet, and (7) all three locations) as the categorical fixed factor (this coding is summarized in Fig 1) . Prior to drawing inferences, the distribution of residuals was checked for approximate normality and homogeneity of variance [38] . Following this, we fitted a series of binary logistic regression models (generalized linear models), testing whether membership of any given binary species distributional category-such as whether the species occurs on both poles (combined categories 4 and 7) or just one pole (combined categories 1, 2, 5, and 6) could be predicted by its median size. Next, to elucidate how these relationships might shape species co-occurrence patterns, we limited ourselves to those amoeba taxa found in Tibet and tested (using standard χ 2 tests of association) whether the presence or absence of such taxa in the Arctic was associated with its presence or absence in the Antarctic. A parallel test focusing on northern-southern polar associations among taxa absent from Tibet was not conducted because the data set included no taxa that were absent from all three locations (the frequency of absence from both poles would necessarily be 0).
Finally, we note that the above tests rest on the assumption of independence, yet a tendency to disperse and body size may in theory be jointly inherited in closely related "sister" species following speciation. This is an important issue because closely related species sharing the same size and distribution pattern through common descent might properly be considered as one data point rather than two, with shared traits arising through phylogeny rather than independent assortment. Given that the phylogenetic relationships of testate amoebae taxa in our data set are not well known, we attempted to overcome the potential lack of independence by conducting congeneric paired species comparisons [51, 53, 55, 66] . To conduct this analysis, we systematically selected pairs of congeneric species that differed in particular distributional characteristics (such as species found on both poles (4 and 7) and congener species found only in Tibet (3)) and compared their median sizes. When two or more pairs of species with the given contrasting distributions could be selected from the same genus, then we selected species in the strict (alphabetical) order they were listed in the dataset. To compare the median sizes of congeners with these contrasting distributional characteristics, we conducted Wilcoxon signed rank tests (the nonparametric equivalent of matched pairs t tests). Nonparametric tests were necessary because the distribution of differences in median size between congeners was in general not normal.
Results
The taxon richness at each location within our three poles is given in Table 1 . All our comparisons were made between these three "polar" regions. More fine-scale comparisons between individual "locations" within each "pole" would be more susceptible to problems with unequal sampling effort than are our large-scale comparisons presented here. Full "species lists" for each pole are given in the supplementary Microsoft® Excel spreadsheet. In total, we identified 214 species from the Arctic, 134 species from the Antarctic, and 165 species from Tibet, although a number of species were found in two or more locations and not all species could be ascribed a median size (Fig. 1) 43 ), suggesting that larger species were more likely to be found in Tibet (see below). Most of the genera and many of the species can be found in both wet terrestrial and aquatic habitats. An exception is Pontigulasia spp. (which are only aquatic); in addition, most of the very largest testate taxa (300+ μm) are aquatic only.
Overall, the fitted GLM indicated that the average median size of taxa differed significantly between taxa Figure 1 Frequency distribution of the sizes of testate amoebae morphospecies according to seven mutually exclusive distributional categories (1 Arctic alone, 2 Antarctic alone, 3 Tibet alone, 4 Arctic and Antarctic, 5 Arctic and Tibet, 6 Antarctic and Tibet, and 7 all three locations); these are described using the code numbers 1-7 in the text with different recorded distributions (F 6, 292 =3.147, P= 0.005; Figs. 1 and 2) . The primary driver of this overall significant difference was the large size of taxa found only in Tibet compared to those found at all three locations (Bonferroni post hoc test: difference 32.67 μm, P=0.028) and, to a lesser extent, those found only at both poles (Bonferroni post hoc test: difference 36.85 μm, P=0.083).
If smaller-sized taxa were more cosmopolitan in distribution, then one would expect smaller testate amoeba taxa to be more likely to be recorded at all three locations (Arctic, Antarctic, Tibet) compared to larger species. Logistic regression confirms that the likelihood of a taxon being distributed everywhere (i.e., all three locations) does indeed depend significantly on its size (Wald=4.104, df=1, P=0.043; Fig. 3a) , with smaller taxa more likely to have a wide distribution. Likewise, excluding those taxa found only in Tibet, we can ask whether those taxa found on both (northern and southern) poles are more likely to be small compared to those taxa found on just one pole. Logistic regression confirms this hypothesis in that size is a significant predictor of whether a taxon is found on just one or both poles (Wald=4.358, df=1, P=0.037; Fig. 3b) . Based on these sample data, for example, although there is an overall tendency for taxa to be distributed at one compared to both poles, any individual taxon is more likely to arise in both poles (predicted probability of group membership ≥0.5) if its median size is less than 19.8 μm (the solution to the fitted logistic model for probability of membership equal to 0.5, see Fig. 3b ). Taking each pole separately, smaller taxa were more likely to be found in the Arctic and Antarctic than in the Arctic alone (Wald=5.258, df=1, P=0.022). However, we note that taxon size had no influence on whether a given taxon found in the Antarctic was also found in the Arctic (Wald=0.316, df=1, P= 0.574). This asymmetry may well be mediated by the underlying size distributions of testates found at the two poles. For example, no taxon found only in the Antarctic exceeded 200 μm, and only 21.9% of taxa found in Antarctica were unique to Antarctica. By contrast, the Arctic samples included a number of large taxa, and 43.2% of taxa found in the Arctic were unique to the Arctic. Finally, we note that for those testate amoebae taxa found in Tibet, the presence of a species in the Arctic and the presence of the same taxon Antarctic are not independent (frequency in both poles 70, neither pole 55, Antarctic only five, Arctic only 35) in that there is an overall tendency to be present or absent in both locations rather than one or another (χ 2 =52.40, df=1, P<0.0001). This implies that species that occur in Tibet and one pole also tend to have the capacity to reach the other pole; conversely, those species found in Tibet but not Arctic do not tend to reach the Antarctic (or vice versa).
The sister-species comparisons are necessarily more conservative, involving considerably reduced sample size, and a number of key tests did not allow us to reject the null hypothesis of no difference in size between the groups. For example, when we compared the median sizes of taxa that were distributed in all three areas with congeneric taxa that were not distributed in all three areas, there was no significant difference in their median size distribution (Wilcoxon Z=−1.282, P=0.20). Likewise, when we compared the median sizes of taxa that were distributed in both poles with congeneric taxa that were limited to one of those poles, there was no significant difference in median size (Wilcoxon Z=−1.220, P=0.223). Nevertheless, certain trends were apparent. In particular, collections of taxa found on both poles only (distribution group 4) were significantly smaller (mean 92.95 vs 147.89 μm) than congeneric taxa found in Tibet only (group 3, Z=−2.817, P=0.005). Likewise, collections of taxa found at all three locations (group 7) were significantly smaller (mean 94.68 vs 131.29 μm) than congeneric taxa found in Tibet only (group 3, Z=−2.004, P=0.045). Finally, collections of taxa found only in the Antarctic (group 2) were significantly smaller (mean 92.18 vs 167.27 μm) than congeneric taxa found only in Tibet (group 3, Z=−1.956, P=0.050). Collectively then, the strongest signal once one conservatively controls for the influence of phylogeny is that taxa geographically restricted to Tibet tend to be large compared to closely related (congeneric) taxa found elsewhere.
Discussion
Our analysis identifies some potentially important patterns relating microbial size to distributional range, which are central to ongoing debates about the extent of cosmopolitan distributions in microbial ecology. Cursory examination of Fig. 3a suggests that taxa that are found at all three "poles" tend to be smaller than taxa with more restricted distributions, with a pronounced drop off in occurrence in all three areas between 100 and 150 μm. Moreover, comparing just the two "true poles" (i.e., excluding Tibet), our logistic model suggests that there is a statistically significant probability of taxa smaller than 20 μm occurring at both poles (many larger taxa also occur at both poles; Fig. 1) . The results are broadly compatible with the results of the original analysis by Wilkinson [91] which suggested a decreased probability of cosmopolitan distribution for testates greater than 100-150 μm. Our formal statistical analysis also detects an effect of size on extent of distribution. The logistic regression confirmed that the probability of a taxon being distributed everywhere (i.e., all three "poles") depends significantly on its size-with smaller taxa more likely to have a wide distribution. Comparing just the two "true poles" (i.e., excluding Tibet), our logistic model suggests that there is a greater than 0.5 probability of taxa smaller than 20 µm occurring at both poles (many larger taxa also occur at both poles; Fig. 1 ). Attempting to "correct" for phylogeny necessarily reduces statistical power because of the much reduced sample sizes. When we compared the median sizes of taxa that were distributed in both poles with congeneric taxa that were limited to one of those poles, there was no significant difference in median size. However, some trends still were apparent. Notably, collections of taxa found on both poles only were significantly smaller than congeneric taxa found in Tibet only. In addition, collections of taxa found at all three locations were significantly smaller than congeneric taxa found in Tibet only. So there are some indications of a size effect on distribution even when phylogeny has been statistically controlled for.
Examination of summary statistics (data not shown) for different taxonomic groups of testates suggests that the Hyalospheniidae may show the strongest effect of size on dispersal-however, the small sample sizes produced by splitting the data into different testate families prevents formal statistical analysis. Nevertheless, this does hint that a real phylogenetic effect may contribute to the negative relationship between size and cosmopolitan distribution. One possibility is the understudied potential of testates breaking open to release smaller cysts [12] ; if this is more likely in some testate families, then it may explain part of the suggested phylogenetic pattern. For example, our data would lead us to speculate that this mechanism is very uncommon in the Hyalospheniidae.
The strongest relationship in these data is the tendency for Tibet to have more large taxa. This is statistically significant even when phylogeny is corrected for. There are two obvious and not mutually exclusive explanations for this relationship: one based on biogeography and dispersal while the other is based on habitat ecology. Although much of Tibet is "polar" in character, the country has a wider range of habitats and climate than either of the true poles. As such, it is likely that more species were able to survive the last glaciations in situ in Tibet compared to the poles, whose biota may be more dominated by species that were able to recolonize following repeated glaciations. A related explanation for the tendency of Tibet to have more large taxa is that Tibet simply has more habitats suitable for larger taxa and/or that these habitats featured more in our Tibetan data. One reason for this is that a high proportion of the Tibetan samples come from freshwater habitats (ranging from small ponds and ditches to large lakes and rivers) than is the case for the other two poles. In this context, it is interesting that Dallimore [14] suggested that cold lakes in Arctic Canada had "strains" of unusually large testates, which she speculated may be an adaptation to rapid growth during short periods of warm water during the summer. Although it is clear that the Tibetan data comprise more aquatic samples, we have not subdivided these data into "terrestrial" and "aquatic" samples in our analysis. Although the extremes (relatively dry soils and fully aquatic samples) are unambiguous, many samples come from intermediate sites (e.g., very wet moss, marginal lake habitats) which are impossible to unambiguously classify as terrestrial or aquatic. In addition in some of the older literature (especially from the Arctic), habitat data can sometimes be too limited to assign a site with confidence to terrestrial or aquatic. However, we stress that the patterns in our data set are not just driven by the behavior of Tibet. For example, when we examine taxa found on both poles vs one pole, we see still a size effect. Likewise, for those species found in Tibet, presence in the Arctic is associated with presence in the Antarctic.
In summary, our analysis suggests that morphospecies smaller than 20 μm are increasingly likely to be cosmopolitan and that the probability of a taxon being found at multiple "poles" declines as they become larger-with relatively few examples above 150 μm. We stress that this is not a sharp cutoff but a slowly increasing likelihood of more restricted distribution as the testate size increases. This suggests a much smaller potential size for cosmopolitan distribution than the widely cited figure of 1 mm argued for by Finlay and colleagues based on their studies of ciliate protozoa [28] . This work has been skeptically received by some other ciliate biologists [34] . Contrasting the results of our current study (and [91] ) and its suggestion of a cutoff range of 20-150 µm with Finlay's [28] suggestion of 1 mm suggests that any taxonomic group that falls between these two figures in its size distribution may be of particular interest in the context of these debates. Water mites (Hydrachnidia) are a group which falls into this category (300 μm to 10 mm), and a recent analysis by Valdecasas et al. [80] failed to find any effect of size on global geographical range size in this group-although the model presented by Finlay [28] would predict an effect over this size range. Interestingly, in the light of our results from Tibet, Valdecasas et al. [80] did find a habitat effect, with water mites from lotic habitats tending to be larger than these from lentic habitats. It is, of course, possible that different taxonomic groups show different patterns of distribution in relation to size. As we pointed out in the introduction, the case with ciliates is complicated by the fact that they often form cysts (resting stages) much smaller than the trophozoites (the ecologically active forms). More recently, Yang et al. [97] suggested the geographical barriers may be more important in structuring assemblage patterns of testate amoebae at the regional level. In this context, testate amoebae appear to be much better model organisms for understanding the relationship between size and distribution in microorganisms.
Our analysis of the relationship between size and biogeography in testate amoebae comes with two important caveats. (1) The fact that we show an increasing probability of cosmopolitan distribution with decreasing size should not be taken as a demonstration that all sub-20 μm freeliving microbes are cosmopolitan. Logically, any taxon must have a geographical point of origin, and it is difficult to envisage a species coming into existence with a cosmopolitan distribution. Thus, all microbial taxa are likely to have had limited distributions at least at some point in their evolutionary history. At our current state of knowledge, it is impossible to suggest what proportion of small microbial taxa may have limited distribution. However, our analysis suggests that restricted distributions become less common as size decreases. (2) Our analysis applies to morphospecies; clearly there is a possibility that both classical morphological approaches (e.g., [78] ) and molecular methods (e.g., [44] ) may find cryptic species that have not been recognized because of limited morphological differences. This may be particularly likely for the smaller testate amoebae, where it is clearly difficult to resolve large amounts of morphological detail under a light microscope. However, our analysis of testate amoebae suggests that cosmopolitan distributions become significantly more common in the size range of 20-150 μm-with microbes smaller than this a good candidate for being "everywhere". Telford et al. [77] recently categorized the possibilities for global microbial distributions as falling into one of three general patterns: (1) "everything is everywhere", (2) "nothing is everywhere", and (3) "not everything is everywhere". Our data suggest testate amoebae as a group fall into the third category and that size partly determines which distribution a particular taxon is most likely to exhibit.
